Most scholars and development experts assume that scientists in developing countries are isolated, although some posit that they are part of a global scientific community. This paper seeks to determine the size of professional networks for scientists in LDCs as well as the distribution of their ties across organizational contexts and locations. Professional contact networks of scientists in Africa and Asia were determined in personal interviews with 293 researchers in universities, government laboratories, and non-governmental organisations.
1992; Whitney 1992) and the unrepresentative sample of LDC scientists who are visible in such sources (Shrum 1997 ).
However, the central problem with the use of bibliometric methods such as coauthorship and citation analysis is that they do not measure the informal communication patterns generally deemed crucial for research. That is, they do not address the dominant interpretation of isolation in terms of communication or connectivity. When Abdus Salam wrote on the 'isolation of the scientist in developing countries' in an article by that name in 1966, he did not emphasize accessibility of publications, but the fact the individual scientists in LDCs pursue their research activities alone, cut off from contacts with other scientists.
Of course, those who assume isolation do not mean that individual scientists have no professional contacts whatsoever. The difficulty in examining such an assumption is that it cannot be assessed directly, except by inquiring about the extent to which LDC researchers ever communicate with other scientists. For instance, where contacts with the developed world are at issue, since many LDC scientists receive training abroad, an affirmative answer to this question would be trivial. Moreover, the question of connectedness is always a matter of degree. Many scientists are isolated in the sense that they are not part of active research fronts.
iii Indeed, variability in levels of connectedness is one of the key features of scientific and technical organisation in developed countries (Shrum and Mullins 1988) .
Two problems confront an investigation of the integration of scientists in LDCs. One is to develop an interpretation of the kinds of professional contacts that are relevant to the conduct of particular kinds of research. But the crucial problem is to provide a standard of comparison for levels of connectedness. It is misleading to compare the networks of LDC scientists directly 3 with those of DC scientists. If scientists in developed countries are viewed as working within a global scientific 'center,' connections to the center are not the same as connections within it. It is probable that scientists outside of any locale have fewer connections to those within it, than those within it have with each other. Little significance could be attached to such a finding.
Therefore, even if such data were available, it would not be appropriate to compare the networks of those who are members of the center with those who are not. iv Instead, a more illuminating comparison is within LDCs themselves. The notion of isolation implies that scientists from the least developed countries are the most isolated--that there is an association between the level of scientific development and the professional networks of scientists. In what follows, we address the question: Are researchers from LDCs at higher levels of scientific development more connected than those who are not?
As in the developed world, nearly all research is performed in organisational contexts.
Salaried individuals in universities and research institutes pursue research questions suggested by some combination of personal interest and organisational objectives. v In these immediate organisational contexts, communication is direct and personal, in formal meetings and chance encounters. It is interorganisational contact that is problematic. We interpret the empirical assumption of isolation as a question of variability in network connectedness between scientists in different organisations.
This interpretation of the isolation hypothesis--emphasizing variation in professional networks across organisational contexts--is consistent with scholarly studies by Gaillard (1991: 765-81) and Schott (1993) that treat the integration of LDC scientists as an empirical question and rely on some version of a center-periphery model of communication. This model holds that 4 for researchers in the developing world, communication with researchers in developed countries is in some respects more significant than communication within their own countries, since scientific influence flows from developed to developing countries. Gaillard, for example, finds that LDC scientists communicated more frequently with researchers abroad than they did with scientists in their own country who were not at their home institution. vi He concludes that communication is generally problematic, but emphasizes this within the national context, since contact across organisational boundaries is rare (1991, p. 147 ).
Schott describes science in theoretical terms as an institution characterized by participation in individual, national, and global communal formations (1993) . At the individual level, each scientist is characterized by a personal network ('collegial circle') that serves both as a reference group and a source of support, reward, and resources. The personal network may be local or global in scope, characterized by properties that are now well established in the social network literature (Wasserman and Faust 1994) . A circle of local colleagues, for instance, is hypothesized to have low spatial range, but high degrees of homophily, homogeneity, density, and multiplexity. Cross-nationally, Schott found that scientists, although they deferred primarily toward scientific work in North America and Western Europe, were mainly influenced by local work. Neither Schott or Gaillard interviewed a representative group of LDC scientists. Because their samples were based on receipt of IFS grants or appearance in the Science Citation Index, they constitute an elite group. Moreover, because such criteria typically select for university scientists over those in other sectors, at least three institutional locations are underrepresented.
In the developing world, research in key fields such as agriculture and health is often performed in institutes sponsored by state and international donors. Recently, the emergence of nongovernmental organisations in the 1980s and 1990s as significant development organisations has led to an emergent, if still small, research presence in this sector (Farrington and Bebbington 1993 Data on the individual professional networks of LDC scientists is drawn from personal interviews conducted in 1994 with scientists in three locations, selected to represent low (Ghana), medium (Kenya), and high (India) levels of development in Africa and Asia. One commonly-used indicator of scientific development is publication productivity. Both selfreported counts of productivity and counts based on international bibliographies support a ranking of Kerala, followed by Kenya, and then Ghana. ix India, with one of the oldest and largest national research systems, is in the first rank of developing countries (Eisemon 1982; Krishna 1997) . Kenya possessing one of the largest scientific communities in Africa, experienced a rapid expansion of its university system in the 1970s and an increase in scientific output that continued despite the economic downturn of the 1980s (Eisemon and Davis 1992) .
Ghana inherited academic and state research facilities from the colonial period, but economic and political difficulties throughout the 1980s led to scientific out-migration and a significant decline in scientific output.
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The individuals interviewed were all involved in some aspect of research on agricultural, environmental, and natural resource issues. First, a preliminary search of 79 databases was carried out using the DIALOG system. After discarding sources in irrelevant fields and those with few hits, seventeen international databases were searched for the 1992-1993 period. xi This allowed the preliminary identification of a group of organisations and scientists before fieldwork began.
Next, a team of three interviewers spent approximately five weeks in each location. The sample was stratified by sector to include the most, but not all, of the primary sectors where research activities are performed in the developing world. The private sector is small in each of these countries, apart from multinationals that perform most of their research in the developed world. There are from three to five comprehensive universities in each location. We sampled from those university departments that appeared most often in the bibliographic search and from most of the national research institutes involved in agriculture and natural resources. xiii Although we were successful in all but one case in interviewing at the targeted organisations, the final selection of respondents depended on the exigencies of travel and timing.
It was sometimes impossible to contact the organisation in advance of arrival, and occasionally these were in remote locations that were difficult to reach. Often, organisations are small, with only a handful of researchers, some of whom would be 'off station'--in the field or away on training. Since the daily schedule did not permit return visits, it was necessary to interview those who were available at that time.
The survey instrument included both structured and unstructured sections tapping the respondent's professional network, major dimensions of professional research activities, supervisory roles and local contacts, professional memberships and activities, self-reported productivity, attitudes on agricultural and environmental issues, and the needs of the research system. In all, a total of 293 structured interviews were conducted. Now I'd like to ask about a few specific people, the people who have similar interests or do work on the same kinds of things that you do. I only want to exclude other people in this specific organisation. Here include anyone you talk to, anyone you go to for advice, or anyone who comes to you for advice. In other words, just tell me those that are the most important for your own work.
Respondents were asked to provide the first names of these individuals as well as the organisations in which they were located. Particular means of contact were not specified--the contact might be through correspondence, fax, phone, in person, or e-mail. These professional ties themselves constitute a population of relationships. Table 1 shows their distribution by sector for 1232 reported links where sector could be determined.
Universities are the most common institutional locus of contacts, but still represent less than half (44%) of the total, with government-sponsored research institutes the next most common sector (29%). NGOs contacts represent nearly 10% of the population, while links with ministries (generally, these are departments associated with agricultural extension or production) represent 7%. Private firms are not significant sources of professional ties (about 2%) for this sample of scientists.
[ To what degree are these professional ties to actors outside of the local research system?
To answer this question, 'internal' and 'external' loci of communication are distinguished in Table   2 . Since Kerala is a state of India rather than a country, it is not strictly comparable to Ghana and Kenya. Here, as in much of the analysis that follows, we consider India part of the external 11 environment for Keralan scientists rather than part of the system itself.
xviii Table 2 shows that, in all, over half of all reported professional contacts are internal to the research systems themselves. xix For each sector, the proportion of internal ties is larger than proportion of external ties. However, in some cases this difference is relatively large, while in others it is relatively small. External university ties are nearly as common as internal university ties, but ties to government research institutes and NGOs are more than twice as likely to be internal. Ties with international research centers, are also quite common. At 8% of the total, they occur nearly as often as ties with external institutes. Combining these two, ties with international and external research institutes represent about one fifth of the total. As a rough approximation, we may say that universities (internal, external), national research centers, and external research centers constitute approximately equivalent loci of professional contacts, with
NGOs making up most of the remainder.
The Distribution of Professional Contacts
While the frequency distribution of relations gives a general indication of the way professional contacts are distributed among sectors, it is highly dependent on the particular sample under study. For example, our decision to include respondents from NGOs but not private firms may be the reason NGO contacts outnumber private contacts by a substantial margin. In the analysis that follows, we examine the professional contact networks of individual researchers. The file of contacts was sorted and aggregated by respondent to indicate the extensiveness of professional contact, as measured by the number of ties reported with various countries and sectors.
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The first part of this analysis examines the degree to which LDC scientists have professional ties with different types of organisations and the distribution of these ties across geographic locations. We then turn to education in developed countries as a possible source of variation in professional networks. In the third section we examine the factors associated with participation in extensive internal and external professional networks.
[ Table 3 about here.] Table 3 shows the average number of reported ties for each sector in each of the three survey locations. The clear finding from this table is that conventional wisdom regarding the sectors and countries that should have the most extensive professional networks does not hold.
Relative to the sample average of 4.7 ties per respondent, Keralan researchers report fewer professional ties than researchers in either Ghana or Kenya. First, respondents in the African systems, which are less developed than the research system in India, report over five contacts per researcher, as compared with fewer than four in the state of Kerala. Second, academic respondents report fewer professional ties than respondents in any other sector. NGO respondents report an average of six ties, followed by researchers in international centers (5.25), and those in national institutes (4.61).
xx Table 3 also shows that sectoral variation in extensiveness of professional contact networks is largely, but not completely, consistent within locations. xxi University researchers report the fewest professional ties in each location, while NGOs report the most. The exception is Kenya, where NGOs respondents reported fewer contacts than those in national research centers, a difference that is not statistically significant.
While Table 3 contravenes expectations in terms the locations and sectors that report 13 extensive linkages, it says nothing about the nature and location of these linkages. A scientist may report many ties, but all within his own country, or all within his own sector. Another scientist might report fewer ties, but these few ties might be widely distributed in terms of sector and location, indicating greater 'reach' of the network and greater likelihood of accessing alternative sources of information and resources. This possibility is addressed in Tables 4 and 5 for professional contacts within each location.
[ Table 4 about here.] Table 4 classifies the number of reported ties by respondents in the column sectors to their contacts in the row sectors. xxii The last column of Table 4 shows that professional contacts with academics are more common than those with state research institutes, followed by NGOs and international institutes. [ Table 5 about here.] Table 5 shows these relationships for each location separately. Consistent with Table 4,   14 universities and national research institutes are the most frequent sources of professional linkages, with NGOs and international research centers less common. Intersectoral patterns are similar to those in Table 4 as well, with universities and NGOs generally displaying withinsector tie preferences, while researchers in national institutes report more professional contacts with academics than within their own sector.
Distinctive patterns pertain to NGOs and international centers, which are relatively more important in Ghana and Kenya (as indicated in Table 3 ). In both African locations, NGO respondents report more linkages with NGOs than with other sectors, while in Kerala, they are more likely to report ties with universities and national research institutes. Although Nairobi is home of several prominent international centers, respondents in Kenya have only slightly higher levels of contact with international centers than those in Ghana. In Kerala few academic researchers report professional links with anyone in nongovernmental or international organisations.
We turn now to the question of geographical distribution. Table 2 showed that significant numbers of important professional contacts were external to the three study sites.
Where are these external relations located? Table 6 displays the average number of reported ties to the major continents. xxiv Since English is not only the scientific language but also the primary governmental and professional language owing to the colonial heritage of all three sites, contacts with the US and UK were coded separately.
[ Table 6 about here.] 
The Impact of Education in Developed Research Systems
We have seen the extent to which scientists in three LDCs are tied to professionals in developed countries. Table 7 addresses the most common explanation for the existence of these ties, the experience of training abroad. Receiving part or all of one's education in the developed countries is often thought to explain why scientists in the developing world have connections to scientists there. Of course, there are many other reasons why such links develop, including workshops, international conferences, scientific travel, and visits by DC scientists to the developing countries. However, higher education, because of its duration, and because of the strong bonds that often develop between professor and student, is viewed as more likely to contribute to ongoing professional ties.
[ Table 7 about here.] Table 7 shows the total number of professional ties and, more importantly, the number of ties to developed countries by education in developed countries. What is consistent about both indicators is that while education in DCs is associated with a larger number of ties for the entire sample of researchers, it is not associated with a larger number of ties for academics. The first panel in Table 7 reveals that education abroad nearly doubles the number of contacts with DCs overall. But for university researchers, education in developed countries makes virtually no difference to their contact with professionals in developed countries.
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The difference in education abroad is particularly apparent for NGO respondents. The number of ties to developed countries increases from less than one to nearly two, while the overall number of professional contacts increases from 5.5 to more than eight. NGO respondents educated in developed countries have more extensive professional networks than any other group in the sample.
Correlates of Network Size
In the final section, we turn to the question of why some scientists have more extensive professional networks than others. A study designed to answer this question would, ideally, follow a sample of researchers throughout their careers, collecting data at several points in time.
Since the present data are cross-sectional rather than longitudinal, claims about the direction of causality can only be inferential. What we can do, however, is examine the association of a wide variety of dimensions with the reported size of scientist's networks, rule out several possible explanations, and provide some direction for future research on professional contacts. We can, for example, examine whether social characteristics and organisational contexts distinguish those with more or less extensive professional networks.
Because the preceding analysis suggested differences in internal and external professional ties, the overall measure of network size was disaggregated into ties to developed countries and ties within the locations themselves. The association between internal ties and ties to developed countries is negative for the entire sample, and negative for every organisational context except NGOs. xxvi Put simply, those who have more ties to developed countries have fewer ties within their own countries. Therefore, separate models were estimated for the number of 'internal' professional contacts and professional contacts in the developed world.
Before selecting the final models in Table 8 , we examined the relationships of network size with six general structural dimensions: xxvii individual background characteristics (gender, age); career (receipt of awards, membership on committees, professional experience); education (highest degree, years spent in developed countries); productivity indices (papers at conferences, articles in national journals); organisational position (weekly time spent on research, number of professionals and technicians supervised), and access to technology (telephone, email, personal computer). For each of the six general dimensions, the factors that correlated most highly with network size were selected.
Next, multiple regression analyses were performed separately for network size, using the preferred variables from these six dimensions as predictors. xxviii Controls for location and sector were added. Finally, interaction terms were employed where mean differences in the tables above showed that the effects of certain factors (e.g., education in developed countries) might depend on the location or sector of the respondents. All models were estimated using respondents from national research institutes, universities, and nongovernmental organisations.
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[ developed countries and 17% of the variance in internal contacts is explained by the selected variables. However, the most important finding in Table 8 is that different factors are correlated with internal and external professional contact. The only factors consistently important for both models are location and sector.
The first panel of For links to professionals in developed countries, the main effect of sector is not significant, but is important because of its interactions with education and resources, as indicated in the last rows of Table 8 . Note first that the main effect of education in the developed countries has no impact in either model. xxxii However, significant coefficients for the last two interaction terms show that education in developed countries has a positive effect on ties to professionals in developed countries for researchers in government institutes and NGOs. That is, relative to academics (the comparison category), state and NGO scientists are more strongly connected to researchers abroad when they are educated abroad. This finding confirms the result in Table 7 , controlling for a variety of other factors. An important sectoral effect is also evident in the first interaction term in Table 8 , for the interaction of sector with an indicator of resource availability--the presence of a personal computer in the room where the interview was held. After each interview was completed, the interviewers made notes on the condition of the building and office, the presence of telephones, fax machines, and so forth. xxxiv Personal computers are associated with higher levels of 20 developed country contact for researchers in national institutes.
The first model in Table 8 also reveals an important aspect of development in the negative coefficients for international visibility and education in the developed world. Our indicator of visibility is based on whether the respondent's name appeared within a two year period in lists of books, articles, and conference papers in standard, bibliographic sources.
xxxv International visibility is positively related to international linkages, as we would expect, but much less for Ghana than for Kerala (the comparison category). That is, for researchers at the lower levels of development, publication in international outlets entails fewer contacts to developed countries than for researchers in more developed locations.
The final coefficient tells a similar story for education in the developed world. The third interaction term in the first panel of table 8 shows a statistically significant interaction between education abroad and location on the number of professional ties. The coefficient of -.96
indicates a negative effect of education abroad on network size for researchers in Ghana.
Relative to researchers in the most developed location (Kerala, the comparison category), Ghanaians are less strongly connected to researchers abroad when they are educated abroad.
The second panel of Table 8 exhibits coefficients for the model predicting the size of networks within Ghana, Kenya, and Kerala. Except for the positive main effect of location in Ghana, no single regressor is significant in both models. The model for internal ties is simpler than that for developed country ties. Respondents in NGOs report large local networks, the strongest effect in the model. Indeed, members of NGOs mention an average of 1.3 more ties to professionals within their location than academics (the comparison category). Older scientists also have more ties.
Neither education abroad, nor visibility is associated with internal contacts. However, there is an interaction between visibility and organisational context, as shown in the last row of the second panel. For researchers in state institutes, international visibility is negatively associated with the size of the local network (-1.02). Those whose publications appear in international databases are less likely to have extensive local networks. Finally, structural position and receipt of awards also reduce local ties. Although the effect of the latter is not strong (statistically significant only at .07), the presence of postdoctoral students is worth noting.
The presence of such students may require lengthy supervision and reduce local contact.
Discussion
These results allow us to draw some preliminary conclusions about the ways in which the professional networks of scientists in developing countries are structured. The main findings are summarized, followed by a discussion of integration of local and Western science, the local context of research, the importance of organisational context for understanding professional networks, and the role of education.
(1) Most professional contacts of LDC researchers are internal to the research systems themselves. There is an inverse relationship between local ties and ties to developed countries for every sector but NGOs.
(2) Kenyans and Ghanaians have larger professional networks than Keralan researchers.
(3) Academics have the smallest professional networks, while NGOs have the largest, particularly in terms of local ties. However, more professional contacts are reported to universities, both internal and external, than any other sector.
(4) Higher education is associated with increased ties to developed countries. But education abroad is associated with stronger links to developed countries only for state research institutes and NGOs. Academics who 22 have been educated in developed countries do not have more ties abroad than those who are not.
(5) For researchers in national institutes, immediate access to a personal computer is associated with larger developed country networks, but international visibility is associated with smaller local networks.
(6) International publication and education abroad are related to international linkages but the payoff is smaller for Ghanaians than Keralans (7) Local networks are larger for older scientists. They are smaller for those who supervise postdoctoral students and have received awards.
We began by noting received wisdom on the professional networks of scientists in developing countries:
It is now generally recognized that an endogenous scientific community can only develop in a peripheral position if its members have sustained relations with the center. One of the best ways to establish such relationships is through interpersonal contacts between scientists...[including] studying at foreign universities, often in a country in the center...and publishing articles in journals of international repute. (Gaillard 1991, p.3) This view is rendered problematic in light of the results summarized above. We emphasize that these findings are not based on a longitudinal study and, hence, do not meet the temporal conditions necessary to establish stronger claims. Too, we **, four general points are worth noting.
First, though our initial interest was in examining the structural conditions underlying the size of professional networks for LDC scientists, it is misleading to speak of these networks as if they were simply larger or smaller, as if scientists in developing countries are 'more or less' isolated or integrated. The principal reason is that local networks and ties to the developed world operate in distinctive, and perhaps even opposing, fashion. For this sample of scientists, (a) different factors are associated with the size of local and external professional networks; and (b) those with more ties to the developed world have fewer local ties. Of course, we have also seen that most professional contacts of LDC researchers are internal to the research systems themselves. If those who have more ties to developed countries have fewer ties within their own countries, it behooves us to learn more about the social processes involved in establishing and maintaining ties before establishing policies and programs to increase ties to DCs.
This relationship between local ties and ties to developed countries applies to all organisations studied here except NGOs. The strong negative relationship for researchers in international laboratories is probably not surprising. After all, these centers are established as general, international sources of programmatic and technical expertise rather than local centers with strong ties to the national research systems where they are located. xxxvi More important is that in both universities and national research institutes, researchers have fewer local ties when they have more external ties.
An alternative perspective on links with developed countries, found in the literature on indigenous knowledge and only rarely in policy analysis, views Western science as a mechanism of domination. In this account, Western science produces the technological means of subjugation, is a deleterious ideological force, and an inappropriate developmental model. The creation and maintenance of scientific institutions absorb scarce personnel and capital and constitute an irrelevant ideological diversion for countries without the resources or connections to pursue Western, specialty-oriented science (Shahidullah 1991) . From this perspective, researchers in LDCs who have links to the 'scientific core' produce knowledge in collaboration with foreign colleagues and research centers that fails to take LDC needs into account.
While we do not subscribe to the view that Western science is an iniquitous influence, a related and less extreme version of this view is that scientists in LDCs tend to be either 'internally' or 'externally' oriented. An 'internal' orientation implies that research with a local orientation takes precedence over research addressed to global or developed country problems.
An external orientation implies membership in the global scientific community conceptualized by Schott (1993) . Insofar as local and external linkages are signals of such orientation, or more likely, operate to shape it, a tradeoff such as that reported here tends to support such a view.
Not only do researchers with more external ties have fewer internal ties, the divergent factors associated with these ties indicate that they are generated through different processes.
For researchers in national institutes, access to resources increases contact with the developed world. Such a finding would not itself be of concern, except that international visibility is associated with smaller local networks. Independent of organisational context, those who have received awards for their research also tend to have fewer internal ties. Some prior studies indicate that for the least developed countries there is a weak or negative association between international and domestic productivity (Shrum 1997) . This pattern suggests that as scientists become more prominent, they are pulled away from the local research system, resulting in fewer linkages to other professionals in the national research system and fewer articles in national publication outlets.
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The background assumptions for the present study are that location indicates the level of development of the social and scientific system, while sector indicates the organisational context in which research is conducted. Our expectation that scientists in more developed locations and in academic contexts would have the most extensive professional networks did not hold. The second general point is that local context--the historical and social background of the research system--is more important than the general level of development of the country or the scientific system in structuring the opportunities for professional contacts. The work of V.V. Krishna (1993 Krishna ( , 1997 shows that India is a special case in the developing world, owing to both the sheer number of researchers there and the early development of its educational and scientific infrastructure. With the world's third largest scientific community and the largest university system outside the US, it is common to receive scientific training, employment opportunities, personnel, the motivation to seek interorganisational linkages is greater. In the case of NGOs that have only a handful of staff, an individual wishing to pursue any kind of research activity will look for advice and assistance outside the organisation. These resources are found in collaboration with universities and, less often, with state research institutes, but generally with other NGOs. xxxix In Ghana, which has the most developed system of NGOs, NGO to NGO contact is greater than any contact between sectors in all three locations. When links are established to those outside the national research system, they do not decrease the number of local ties.
xl
The provision of interpersonal, research resources is the most likely reason for the paradox that makes universities a special organisational context. Academics have the smallest professional networks, but more professional contacts are reported to university researchers (both internal and external) than any other sector. Indeed, respondents in both national and international centers reported more contact with academics than academics themselves. Of course, there is never symmetry in reported contact, even when respondents are given a list of possible contacts. xli Asymmetric naming tends to reveal relations of influence and information flow, and can be an indicator of status (Wasserman and Faust 1994) . Hence, the fact that academic researchers are named most frequently supports the idea that universities are a resource for other sectors. It may also be that academic departments are more self-reliant, which explains their lower contact. Scientists in universities, national research institutes, and international centers all look to universities as their main source of professional relations.
xlii Finally, we have seen that higher education is associated with increased ties to developed countries, but the role of education abroad is more complex than scholars and policy analysts have previously assumed. Stronger links to developed countries are formed for government research institutes and NGOs, but for academics, those who are educated in developed countries do not have larger international networks than those who are not. Ties with major professors and graduate school colleagues are more difficult to maintain as distances are great and research interests diverge over time. The contexts leading to broader international networks for academics are based not so much in the educational experience as in the opportunities (meetings, workshops, international conferences) they are more likely to experience after entering the academic profession.
At the outset we noted a relationship between the empirical and normative aspects of 'isolation'. The assumption that scientists in developing countries have few ties, and few ties to developed countries, is readily interpreted as a deficit to be remedied. More contact is assumed 28 to be better than less contact. Improved ties to the developed world will lead to improvements in research performance. Although we have not examined this latter proposition, we have cast doubt on the former. The short answer to the question 'are scientists in developing countries isolated?' is 'No'. But the reality is more complex. Scientists in the developing world have professional networks that are more local than international in character--just as most scientists in the developed world--and that does not warrant an ascription of 'isolation'. Scientists in more advanced developing countries do not have more ties to the developed world than scientists in those that are less advanced, so there is no simple relationship between level of development and ties to the Western scientific community.
These results suggest that as scientists become more prominent they are pulled away from the local research system. Whether they do more good by connecting with a global network is impossible to address with our data, but the significant aspect is that 'brain drain' may not require the physical emigration of a body. If scientists who become prominent by publishing internationally and increasing their international contacts also reduce their local ties, they may become less valuable to the national research system even as they gain stature in the global community. The example of NGOs shows us that ties to the local environment are not mutually exclusive with international linkages.
What is certain is that the environment for international scientific communication is changing. It may well be true that Dedijer and Salam were correct to speak of isolation in the 1960s and 1970s. Precisely because of their efforts, as well as the efforts of the national and international groups that supported them, science in developing countries takes place in far different, if still precarious, conditions in the 1990s. It will change further with the advent of the 29 internet. We found that for researchers in national institutes, immediate access to a personal computer is associated with larger developed country networks. It seems possible that the low costs of using internet technology makes it a candidate for increasing international ties without decreasing local ties. xliii What will be the effect of the diffusion of electronic communication technology on the professional networks of scientists in the developing world? The academics in our study were more likely than others to perceive electronic communication as an important means of keeping in touch with colleagues. However, researchers at international centers who were, at the time of the study, the only ones to have regular access to such technology, often said that it was not so important. xliv Future studies to examine the effects of this new communications medium are absolutely critical. Because the different categories of the independent variables have unequal numbers of cases, their effect was tested with a one-way or two-way ANOVA (PROC GLM in SAS) and Tukey's HSD (Honestly Significant Difference) test, at the .05 level of significance. Tukey's test compares means by pairs and identifies the groups whose means are significantly different from each other. When an independent variable has a significant effect on the dependent variable, and its interaction with other independent variables is not significant, the independent variable displays a significant main effect. In this case, the mean score of the dependent variable is different for at least two categories of this variable. On the other hand, if the interaction between two independent variables is significant, the effect of one has to be examined at each level of the other, because the influence of one predictor on the dependent variable will be different at different levels of the other predictor. For instance, the sector of the respondent may have an effect on the number of professional contacts in Ghana, but not in Kenya. We conclude that there is a simple effect when one independent variable presents a significant effect at a given level of the other (in the example, there would be a simple effect of sector in Ghana, but not in Kenya). NOTES i.In this essay the term 'scientist' refers to individuals who spend at least a portion of their time in research activities. This is narrower than the usage in some LDCs, where 'scientist' may refer to any individual with technical training, but broader than that usage which assigns the label of 'scientist' only to academic researchers with Ph.D.s. The term 'researcher' is, in general, more descriptive of the activities most debates over science involve.
ii. For instance, in 1995 the International Council of Scientific Unions formed a Committee for Capacity Building in Science, which adopted the 'isolation of scientists' as one of three principal problems for capacity building. The empirical assumption that scientists in LDCs had few connections to scientists in DCs was combined with the normative assumption that more extensive ties would be better.
iii. Most scientists are not part of a 'core set' that makes up an active research front and will never be part of one throughout their careers as scientists (Collins 1983) . iv. A 1980s survey of US scientists included respondents from the same organizational contexts as the present study, with the addition of private firms. A roster rather than a nominations method was used for estimating linkages, so the size of networks cannot be compared directly. However, several items tapped the frequency of discussions with those in different sectors. More frequent contact (about once a month) was reported by US researchers with government (63% to 20%) and business (44% to 18%), but more frequent contact was reported by our respondents with universities (58% to 31%) and national research institutes (61% to 46%). Comparing reports of formal communication, slightly more US scientists had been a member of a government committee or advisory group (45% to 40%) and given advice to NGOs (45% to 34%), but more of those in LDCs had served as a consultant (64% to 47%) and attended project or program review meetings (87% to 83%). Finally, the average number of annual meetings attended (government or professional society) was about five per year for US respondents, compared to about three per year for those in LDCs (Shrum 1985: 154-55, 159) . Given that the US sample was selected to represent a relatively elite group of researchers, while the present sample was not, there is no evidence here for any general hypothesis of "isolation" among LDC scientists relative to those in the developed world. v. Interestingly, the 'modernisation' hypothesis of a series of developmental stages experienced by LDCs has never been applied to the institution of science and technology--otherwise, an 'independent inventor' or 'gentleman scientist' model might be viewed as appropriate to some LDCs. Science and technology, even in the modernisation literature, are assumed to transfer directly. with different categories of scientists at the rate of once a year (1991, p. 77-8) . However, without information on specific ties and their organisational locus, it is impossible to draw further conclusions about the distribution of professional contacts.
vii. Schott surveyed 616 scientists in 13 countries, including India, Nepal, Bangladesh, Indonesia, Brazil, Chile, and Uruguay (1994). His questionnaire asked each respondent to name the scientists who had performed the best scientific work in the field and those whose work had influenced the respondent's own research. However, the scientists were selected by a geographical index of authors in the Science Citation Index and is not representative of LDC researchers.
viii. "Extensiveness" is, in this context, another term for network size. Network size is a direct indicator of range since the similarity of attributes of a respondent's contacts tends to decline as the number of individuals in the network increases (Campbell et al. 1987) . Size is also an indicator of social integration (Marsden 1987; Smith-Lovin and McPherson 1993) .
ix.This applies to both foreign and domestic publications for the sample in this study and for the nation as a whole using publication counts compiled from the Science Citation Index (Eisemon and Davis 1992) .Publication counts in Eisemon and Davis were for India as a whole.)
x. The trend began to reverse itself in the 1990s, largely through Ghana's implementation of the structural adjustment programs and an associated increase in donor interest.
xi. The Corporate Source field, containing the organisational affiliation and address of authors of entries in these data bases, indicates that the entry (publication, report, conference paper) originates in a particular location. In the present case, the subject matter of interest--agricultural and environmental research--encompasses a large proportion of the total research profile of most developing countries.
xii. NGOs are impossible to identify using bibliographic methods since they do not generally publish the results of their work. The number of interviews per organisation ranged from one to five and was proportional to the size of each organisation (Shrum and Beggs 1997) . xiii. A special effort was made to interview women researchers, who constitute about one quarter of the sample. A standard response rate is difficult to calculate owing to the method used to obtain the interviews. In each location we tried to conduct interviews at every significant organisation in the state and NGO sectors, and at all university departments with significant agricultural or environmental research and failed in only one case, where an NGO had recently incurred the theft of their computer equipment.
xiv. The ideal method of measuring professional contacts would be a roster method using individuals instead of organisations. However, such a list would be impossibly long.
xv. One dozen spaces were provided for these names. In three cases all spaces were used, and in 45 only one case was the space exceeded.
xvi. Network data was obtained from 78 academics, 151 researchers in state institutes, 40 in nongovernmental organisations, and 12 in international research centers. xvii. The debate over a fixed or open-ended number of nominations has been largely resolved in favor of the latter. Most question wordings ("name generators") yield relatively small numbers of nominations. For example, the most systematic national study of personal networks in the US, based on a module in the General Social Survey that asked respondents to name all those people with whom they discussed important matters within the past six months, produced a mean and mode of three (Marsden 1987, p. 125) . Other studies using a combination of questions to generate a respondent's 'core network' have yielded an average size of less than four (Beggs et al. 1996) .
xviii. Research systems in India are organised by state. National institutions such as the Indian Council on Agricultural Research are part of the external institutional environment because even external aid must generally be channeled through them. More than many other states, Kerala has a distinct identity and a distinct social environment that has often been identified as a 'Kerala Model' of development (Parayil 1996) . xix. If multilateral are excluded, then the proportion of internal ties, from Table 1 , is 680/1232=.55. However, to the extent that many of these ties to multilateral organisations are internal to Kenya, the total is closer to 60%.
xx. The tables here, except where noted, are based on analysis using a general linear model (PROC GLM in SAS) that contrasts mean differences (e.g., in the size of the network) between categories on one or more independent variables. Because different categories of the independent variables have unequal numbers of cases, their effects were tested with a one-way or two-way analysis of variance, together with Tukey's HSD (Honestly Significant Difference) test at the .05 level of significance. Tukey's test compares means by pairs and identifies the groups whose means are significantly different from each other. When an independent variable has a significant effect on the dependent variable, and its interaction with other independent variables is not significant, the independent variable displays a significant main effect. (In this case, the mean score on the dependent variable is different for at least two categories of the independent variable.) However, if the interaction between two independent variables is significant, the effect of one has to be examined at each level of the other, because the influence of one predictor on the dependent variable will be different at different levels of the other predictor. (For instance, the sector of the respondent may have an effect on the number of contacts in Ghana, but not Kenya.) We conclude that there is an interaction effect when one independent variable presents a significant effect at a given level of the other.
xxi. As indicated above, international research centers are not, strictly speaking, part of the internal research system of an LDC. All of our respondents affiliated with such centers were
